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This multiple single case study contrasted left hemisphere stroke patients (N = 6) to
healthy age-matched control participants (N = 15) on their understanding of action
(e.g., holding, clenching) and motion verbs (e.g., crumbling, flowing). The tasks required
participants to correctly identify the matching verb or associated picture. Dissociations
on action and motion verb content depending on lesion site were expected. As predicted
for verbs containing an action and/or motion content, modified t-tests confirmed
selective deficits in processing motion verbs in patients with lesions involving posterior
parietal and lateral occipitotemporal cortex. In contrast, deficits in verbs describing
motionless actions were found in patients with more anterior lesions sparing posterior
parietal and lateral occipitotemporal cortex. These findings support the hypotheses that
semantic representations for action and motion are behaviorally and neuro-anatomically
dissociable. The findings clarify the differential and critical role of perceptual and motor
regions in processing modality-specific semantic knowledge as opposed to a supportive
but not necessary role. We contextualize these results within theories from both cognitive
psychology and cognitive neuroscience that make claims over the role of sensory and
motor information in semantic representation.
Keywords: neuropsychology, left hemisphere, lateral occipitotemporal cortex, affordances, embodied cognition,
semantic representation, aphasia
INTRODUCTION
The motor system is primarily engaged for the execution of actions, but has also been
shown to be engaged when familiar actions are observed (e.g., Calvo-Merino et al., 2005),
imagined (e.g., Decety, 1996), or even read about (Beilock et al., 2008). For example, reading
a sentence describing an action sometimes primes bodily movements matching the referential
content (e.g., Glenberg and Kaschak, 2002; Papesh, 2015). Such evidence is frequently taken
to support the notion that bodily and action representations are routinely recruited to
derive meaning from language (Gallese and Lakoff, 2005; Fischer and Zwaan, 2008). Research
over the past decade has demonstrated that language describing familiar actions results in
activation of motor systems (e.g., Pulvermuller, 2005; Kemmerer et al., 2008). However,
despite the broad and high-profile theoretical claims made in the literature about language
understanding and sensorimotor systems, the necessity of such recruitment has not been
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firmly established. For example, the effects found might be
merely epiphenomenal or the case may be that “sensory and
motor information plays, at best, a supportive but not necessary
role in representing concepts” (Mahon and Caramazza, 2008,
p. 67). This debate has led others to propose a middle
ground—that relying on both “embodied” and “symbolic”
mechanisms provides language users with richer and more
fault-tolerant representations (Andrews et al., 2009; Dove, 2009;
Taylor and Zwaan, 2013). What would clarify this debate
however, is evidence to suggest that “embodied” and “symbolic”
representations dissociate, and also that varying “perceptual”
brain regions may be implicated even within a semantic category.
Indeed verbs do not always refer to concrete, dynamic actions;
verbs can also refer to events involving movement, mental states,
and can state a change. A raindrop might fall to earth and a
flower might wilt, resulting in visual motion, but we cannot
directly realize such events with our bodies as we might when
we hit (a concrete, dynamic action; as described in Table 1
labeled+Action/+Motion verbs) or hold an object (a motionless
action; as described in Table 1 labeled as the +Action/−Motion
Category in our research design).
Brain imaging and behavioral studies alone provide limited
information about the relationship between cognitive processes:
motor system activation may be a consequence or correlate of
comprehension, not a cause (see e.g., David and Senior, 2000
for further debate). Additional persuasive evidence comes from
patients and participants with lesions affecting the brain’s motor
system who show a specific impairment for action knowledge; a
trend that has been demonstrated for Motor Neurone Disease,
Parkinson’s Disease, and stroke (Neininger and Pulvermüller,
2003; Bak et al., 2006; Arevalo et al., 2007; Kalenine et al.,
2010). While analogous evidence from healthy participants has
been previously demonstrated in the literature with Transcranial
Magnetic Stimulation (TMS), the effects found have been
inconsistent (see Pulvermüller et al., 2005; Willems et al., 2010).
We note here that while some participants with motor lesions
do not show such deficits on action verbs (Papeo et al., 2010;
Arévalo et al., 2012; Kemmerer et al., 2012; Maieron et al., 2013),
none of these studies compare verbs with and without motion
components, a contrast investigated as part of this study.
TABLE 1 | Example linguistic stimuli.
+Motion −Motion
+Action I. Concrete, dynamic actions
throwing, chopping
II. Motionless actions
holding, ogling
−Action III. Observable events
crumbling, flowing
IV. Mental states
hoping, desiring
Patients with lesions involving posterior parietal and lateral occipitotemporal cortex are
predicted to be impaired on processing words representing Observable events but should
perform normally on Motionless action words. In contrast, patients with more anterior
lesions sparing posterior parietal and lateral occipitotemporal cortex are predicted to
be impaired on processing words representing Motionless actions but should perform
normally on processing Observable event words. Impairments on Concrete, dynamic
action can arise from either lesion location because the verb refers both to motion and
action content. No prediction is made about processing verbs referring to Mental states.
It has been found that visual motion features of verb meanings
recruit the posterior parietal area pSTS (for reviews see Gennari,
2012; Watson et al., 2013), but also the middle temporal area
of the visual cortex (known in the literature as MT/V5 or
Brodmann area 19, noteworthy for its high responsiveness to
visually dynamic stimuli and relatively low retinotopy; Grill-
Spector and Malach, 2004). We have previously shown MT/V5
to be involved in tasks that merely imply visual motion, such
as the perception of static images depicting dynamic motion
(e.g., an athlete about to kick a football; Senior et al., 2002) and
other studies have revealed that it is also involved during reading
tasks that contain the description of motion (e.g., “the car drives
toward you”; Rueschemeyer et al., 2010), with MT activation
when viewing static images also mediated by the language
immediately preceding it (Coventry et al., 2013). Crucially, these
studies indicate that visual motion must be strongly implied
in order to activate MT/V5. No studies have yet shown this
for individual words nor, as noted earlier, have necessary and
sufficient conditions for its involvement in the computation
of language that describes motion been investigated. Further,
previous work examining verbs typically confounds the semantic
components of deliberate action and visual motion. Many of
these studies use goal-directed actions when examining the
recruitment of visual motion areas, and do not disentangle
action from motion. Therefore, recruitment of visual motion
areas may be contingent upon the verb containing an additional
goal-directed action component.
Lateral occipitotemporal cortex (which includes MT) is
associated with patterns of motion, motion related artifacts such
as tools and depictions of hands (Bracci et al., 2010, 2012)
and verbal material referring to actions symbolically (for a
review see Lingnau and Downing, 2015). Bedny et al. (2008)
are generally cited as having shown that the activation in lateral
occipitotemporal cortex associated with verbs is not due to
visual motion or motor activity. That fMRI study by Bedny
and colleagues contrasted high-motion verbs (concrete dynamic
actions such as “jump”), intermediate-motion verbs (change-
of-state and bodily function) and low-motion verbs (states),
showing that the amount of motion did not modulate activation
of the lateral occipitotemporal cortex. However their low-motion
verbs were states such as mental states and did not refer to
agentive motionless actions such as “holding” or “clutching”
which may indeed activate regions much more anterior to lateral
occipitotemporal cortex (Kemmerer et al., 2012). Furthermore,
high-motion verbs in the study by Bedny and colleagues were
confounded with action, while a neater confirmation of motion
associated verb activation in lateral occipitotemporal cortex
would be verbs involving visual motion but not deliberate action
i.e., observable events such as “crumbling” or “flowing.” In a
later fMRI study by Peelen et al. (2012) showing that lateral
occipitotemporal cortex is activated by state verbs (including
mental states) and event verbs, the event verb category did not
refer to observable events but again included concrete dynamic
actions such as walking and running. Unlike previous studies,
the current study delineates the action and motion element
completely. The behavioral performance of patients who have
sustained lesions in the left hemisphere is uniquely placed to
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inform our understanding of language processing by addressing
this central issue.
Although lesion studies are not suitable to investigate discrete
areas such as MT or pSTS, if we can show that defective
motion processing is selectively associated with the posterior
part of the brain housing MT and pSTS such as Brodmann
area 19 or area 39, in contrast to the more anterior brain
sparing those regions, we can infer that neuro-anatomically
dissociable regions are activated when processing action or
motion verbs, and that recruitment of these regions is necessary
to derive meaning when processing modality-specific semantic
knowledge. A second issue with respect to the possible links
between language and recruitment of distinct neural correlates
concerns the nature of the tasks used to test these links. “Levels
of processing” (Craik and Tulving, 1975) refers to the degree to
which a participant recruits semantic knowledge; it constitutes
the qualitative difference between, for example, counting the
vowels in “sinking” and knowing that “sinking” and “plunging”
are more similar than “flowing” and “plunging.” Reviews (Taylor
and Zwaan, 2009, 2013; Tomasino and Rumiati, 2013) find that
the type of language task is a critical factor when determining
the recruitment of specific brain regions. For example, semantic
decisions (“Is GRASP an action?”) affect hand movements while
lexical decisions (“Is GRASP a word?”) typically do not. This
difference in the recruitment of alternative neural networks as a
function of task requirements accounts for discrepancies within
both behavioral (Lindemann et al., 2006; Sato et al., 2008) and
neuroimaging paradigms (Kemmerer et al., 2008; Postle et al.,
2008). In each case, a lexical, word-based decision does not result
in activation of dissociable processes while a more cognitively
demanding semantic task does suggesting that recruitment of
neuro-anatomically dissociable regions is only necessary when
recruiting semantic representations but not when making lexical
decisions that do not rely on semantic information.
In our current design we accounted for these two critical
issues by using tasks varying in semantic demand and words
that entirely delineate the action and motion element. Firstly,
to account for discrepancies in the data regarding recruitment
of specific brain regions we included three tasks with different
levels of cognitive demand. Our critical Semantic Similarity
Judgement Task (SSJT) was expected to indicate any dissociation
in action/motion verb processing in patients; as the most
cognitively demanding semantic task it was considered most
sensitive in identifying these dissociations. An additional Verb-
Picture Matching (VPM) task was administered; easier than the
SSJT but also reliant on semantic processing it was included to
support the SSJT in cases of more severe stroke. Both the SSJT
and VPM do not present words in isolation, but instead require
comparisons to bemade between two verb stimuli. A final Lexical
Decision task required classification of a linguistic stimulus as a
word, and was expected to rely on inherently more superficial
processes that would not require the activation of dissociable
processes.
Secondly, we delineated the action and motion element
completely (see Table 1). As highlighted above verb content
varies with some describing action (hitting), some not (desiring)
while others describe motion (falling) and others not (holding).
In the current fully factorial design, four verb types were used
to assess the behavioral and neural independence of action and
motion word processing. Verbs contained elements of action and
motion (concrete, dynamic actions; “throwing”), action without
motion (motionless actions; “holding”), motion without action
(observable events; “flowing”), and neither action or motion
(mental states; “hoping”). In doing so, the necessity of dissociable
and neuro-anatomically separate regions during action and/or
motion processing can be wholly explored.
Whilst the current study is not well placed to assess the
critical role of the specific brain regions required when processing
particular verbs due to diffuse lesion patterns and a sample size
that does not allow voxel based lesion analysis, it can certainly
confirm the importance of neural correlates. It is predicted
that distinctive brain areas are recruited most reliably when a
person accesses the relevant semantic dimension. If recruitment
of additional brain areas is necessary when representing concepts,
then damage to these areas may result in impaired processing
of action and/or motion verbs. It is furthermore predicted that
the expected dissociations will be evident in the more cognitively
demanding semantic tasks but not in a lexical decision task.
Finally, although included to maintain a fully factorial design, we
do not make predictions about the performance of patients when
processing mental state verbs, as these do not include an action
or motion element.
MATERIALS AND METHODS
Participants and Lesion Location
Patients
For this multiple single-case study patients were recruited from
UKNational Health Hospitals/Stroke rehabilitation units located
in the North East of England. Hospital admissions were screened
to select patients with CT evidence of a recent ischaemic infarct
or haemorrhagic stroke involving the left hemisphere. Anyone
with cognitive impairment (identified from hospital screening
procedures e.g., Mini Mental State Examination; MMSE), known
dementia, or reported substance abuse were excluded. Patients
for whom significant comprehension problems were noted in the
hospital notes by clinicians or speech and language therapists
beyond the acute phase of stroke were not approached because
they would not cope with the tasks in this study. At test,
language comprehension was further evaluated through use
of the Token Task and Mississippi Aphasia Screening Test
(MAST) to ensure patients could complete the experimental
tasks. These tests are described below in the Screening and
Patient Documentation section baed on these. Based on this
criteria 25 participants were initially recruited as in-patients
however 17 participants could not be followed up after discharge
or did not complete all of the experimental tasks of this
study.
Finally, based on the radiologist’s clinical CT or MRI report
we identified patients with lesions implicating either the anterior
or posterior portion of the left hemisphere. Using scan images
we could reliably classify six out of 8 patients. One patient
was excluded because he had lacunar infarct to the left internal
capsule that did not fit either anterior or posterior pattern.
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A second patient (patient CC) had some early signs of left
hemisphere low attenuation in an otherwise nonspecific scan
not allowing for classification or later lesion analysis. She had
furthermore no behavioral deficits indicating a particular lesion
site. She was included in the testing nevertheless as an unclassified
patient and her normal performance across the experimental
tasks is documented in Table 3. Thus the individual results of
six left hemisphere patients are reported in detail in this study
(3 Female, age range 52–75 years, mean 68 years 10 months, SD
= 8 years 6 months,). Patients were seen at a mean time of 45.71
days (SD 13.97) post stroke. All were able to provide informed
consent.
Details of each patient’s lesion as identified in the CT and/or
MRI reports are described below. Table 2 also lists the Brodmann
areas implicated in each patient. To determine which Brodmann
areas were damaged, each patient’s lesions were mapped onto
the digital brain image on the basis of the radiologist’s report
using MRIcron software package (Rorden et al., 2007; http://
www.mccauslandcenter.sc.edu/mricro/mricron/). Scans were
normalized (using Clinical Tool box software through SPM;
Rorden et al., 2012; http://www.nitrc.org/plugins/mwiki/index.
php/clinicaltbx:MainPage) and applied to the Brodmann
Atlas included in MRIcron. Figure 1 includes overlaid scan
slides of each patient. On the basis of scan information 3
patients (patients TY, MAS, and SB) were firmly classified as
having more anterior lesions sparing the posterior parietal
and lateral occipitotemporal regions of interest for motion
verbs. Critically, 2 patients (patients FR and JC) had lesions
involving the posterior regions of interest for motion verbs. FR
had infarcts involving the left internal capsule and an old left
parietooccipital lesion. JC also had lesions to the parietooccipital
and lateral occipitotemporal cortex. In contrast TY had a
frontal infarction that was restricted to inferior frontal and
orbitofrontal territory and rostral superior and middle temporal
gyrus. SB had a bleed limited to the frontal lobe. Patient MAS’s
lesion pattern is associated with small vessel disease affecting
periventricular white matter, left temporal lobe, and left internal
capsule as noted in the clinical report. As such disconnection,
potentially affecting the semantic network, is probable. The
multiple ill-defined white matter lesions were mostly unsuitable
for mapping. However a cortical anterior lesion and small
non-cortical white matter posterior lesion were identified.
Furthermore, based on her symptoms of motor weakness
and expressive aphasia coupled with the implication of more
anterior cortical areas (BA 2, 3, 4, 8, and 40) this patient for
the purpose of this study was classified as an anterior patient.
In relation to the research question this is justified because
the lesions in this patient spared posterior parietal and lateral
occipitotemporal cortex hypothesized as associated with motion
comprehension. One patient (patient DH) had an extensive
lesion involving both anterior and posterior parts of the left
hemisphere (left frontotemporoparietal and insula) and we
therefore would not expect a dissociative pattern of impairments
for processing action or motion verbs in this patient. However
given that DH’s lesion implicated both anterior and posterior
cortical areas we felt his behavior was still relevant to the
hypotheses. TA
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FIGURE 1 | Overlaid scan slices of each patient applied to a template scan to allow clear visualization of the anatomical landmarks using MRIcron
software package (Rorden et al., 2007; http://www.mccauslandcenter.sc.edu/mricro/). Clinical scans could not be obtained for patient SB; the scan for DF
was performed too early for the lesion to be accurately localized. Left is right as per neurological convention.
Healthy Controls
A control group of 15 healthy older adults aged 63–84 years
(mean 71 years 8 months, SD 6 years 2 months, 9 female) were
recruited from a database of older adults held in the Department
of Psychology, Northumbria University. Control participants
were right handed (as were patients), and had not sustained
any form of stroke or other form of brain damage. The control
group received £3.00 for their participation. All procedures were
approved by the local Ethics Committee within the Department
of Psychology, Northumbria University as well as NHS research
ethics.
Method and Procedure
Verb content varies—some involve action (hitting), some not
(desiring) and some involve movement (falling), some not
(holding). Because of their versatility, verbs afford firm control
over semantic content and linguistic factors while tapping into
different, but experimentally predictable, resources (see Table 1).
The design of the current study allows an investigation of the
neural systems to be involved in language comprehension. This
pushes for novelty in two ways: By investigating across semantic
dimensions and levels of processing.
In line with the depth-contingent processing hypothesis
outlined in the introduction, we predict that non-dedicated
brain areas are recruited most reliably when a person accesses
the relevant semantic dimensions. Hence, anterior lesions will
consistently interfere with semantic decisions on verbs describing
motionless actions (A+/M−) and posterior lesions will interfere
with semantic decisions on verbs describing observable events
(A−/M+) only. Crucially, the more cognitively demanding
semantic tasks outlined below (Semantic Similarity Judgment
Task and Verb-Picture Matching; SSJT and VPM, respectively)
do not present words in isolation, but in more meaningful
contexts requiring comparisons to be made between stimuli;
further, lexical decision merely requires classification of a
linguistic stimulus as a word, while the semantic tasks require
comparison. Each of these changes enhances the depth of
semantic processing. We therefore predict effects in the more
cognitively demanding tasks (SSJT and VPM), which rely more
heavily on semantic processing, and not in the less cognitively
demanding task, which relies on inherently more superficial
processes. Further, we expect the SSJT to be more sensitive at
identifying dissociations in verb processing (due to recruitment
of non-dedicated brain regions) as it is more cognitively
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demanding than the VPM. In more severe stroke however, we
expect the VPM to add insight into SSJT performance.
Screening and Patient Documentation
Mississippi aphasia screening test (MAST)
As the participants had suffered damage to the left hemisphere,
language and communication skills were assessed using the
Mississippi Aphasia Screening Test (MAST; Nakase-Thompson,
2004). The MAST contains nine subtests ranging from 1 to 10
items and provides indices of receptive and expressive aphasia.
There was a maximum score of 50 points for each of the receptive
and expressive aphasia indices which are noted for each of the
patients in Table 2.
The token test
The general severity of any receptive aphasia was also assessed
using the short version of the token test for language
comprehension (De Renzi and Faglioni, 1978). As indicated in
Table 2, all patients successfully followed commands consisting
of at least five stages.
Symptoms of apraxia and neglect
A standard battery of apraxia screening tests was administered
to document symptoms of apraxia. These included imitation
of hand and finger gestures (Goldenberg, 1996), whereby the
patient was required to copy a series of gestures that were
demonstrated by the experimenter (pathological score ≤ 17/20
on either task), and pantomime (Goldenberg et al., 2007) and
actual use (De Renzi and Lucchelli, 1988) of common objects
(pathological score ≤ 43/53 and ≤16/18 for respective tasks);
the examiner named the object-use action and patients were
marked on the presence or absence of predefined movement
features. Based on the overall performance accuracy across all
apraxic screening tests, the severity of apraxia was calculated.
All patients were no less than 90 percent accurate across the
screen except for patient MAS who was 85% accurate. Errors in
patient MAS’s performance was apparent during the imitation
of hand gestures (scoring 17/20) and in the form of body-part-
as-object errors during object-use pantomime (scoring 31/53).
Pathological scores were also noted for FR during the imitation
of finger gestures (17/20) and DH during hand gesture imitation
(15/20). Remaining patients did not obtain a pathological score
during apraxia screening. Visuospatial neglect was assessed using
the Apples Test (Bickerton et al., 2011) and is reported inTable 2.
All the above standard neuropsychological tests were examined
within days of the experimental assessment.
Object recognition screening task
Word stimuli were presented in preparation for the experimental
session to establish that basic processing of written words and
pictures were intact. For this task, participants were presented
with a written one-word exemplar (uppercase, Arial font, size 72)
and asked to read but not verbalize or attempt to verbalize the
presented word. When the participant confirmed they had read
the word, they were presented with the pictorial representation
of the word amongst three distractors that belonged to the
same semantic category. For example, circle (target), rectangle,
triangle, and square (distractors). Participants had to identify
which one of the four images they believed was a representation
of the target word. This procedure was followed for four targets
from different semantic categories: an animal (rabbit), fruit
(lemon), object (clock), and shape (circle). The pictorial target
and distractor stimuli for each semantic category were printed
in color onto one A4 laminated sheet. The four exemplars of
the aforementioned semantic categories were selected from the
Snodgrass and Vanderwart (1980) set of images. None of the
patients had difficulty with either of these screening tasks.
Experimental Tasks
Word stimuli used in the lexical task and semantic similarity
judgement task (SSJT)
Common English words (between 4 and 7 letters in length) were
selected and the suffix “ing” added to disambiguate all words as
verbs. Each word was allocated to one of the four conditions (see
Table 1). Four independent assessors were provided with all verbs
and the operationalized definitions of each condition, and rated
whether they agreed (Yes/No response) to each verb/condition
pairing. Only the verbs that reached a majority agreement by at
least three of the four assessors were retained. A Google search
of hits for each verb was used to obtain the frequency of use
in the English language. Selected items were matched for letter
length, number of syllables, and frequency (details are given in
Appendix A).
In addition to the use of independent assessors, we also
examined available linguistic resources to extract information
regarding imageability and concreteness for individual verbs
(Wilson, 1988; Bird et al., 2001), and existing classifications of
verbs where relevant (e.g., Levin, 1993). From these resources
we constructed a more limited list of verbs for final analysis: the
full list and the reduced list are in Appendix (A). The reported
analyses are based on the items in bold only. Of course the word
lists are supposed to differ in their ratings on some of these
dimensions (e.g., a +action verb is clearly more concrete and
imageable than a−action verb).
To construct the stimuli for the SSJT—a task successfully
implemented in previous research both in neuroimaging and
clinical populations (Kemmerer et al., 2008; Fernandino et al.,
2013) - each word from the final list, referred to as the “pivot,”
was matched with a word of similar meaning (target), and a
distractor word. Both the target and distractor were taken from
the same semantic category as the pivot. Note that distractors
are consistently, but only moderately, different from pivots
and targets; this requires participants to think carefully about
subtleties in the meanings of all three words in order to
successfully complete the task. An additional four independent
raters confirmed that the target/pivot items were more similar in
meaning compared with the distractor/pivot items (see Appendix
B for an exhaustive list of pivots, targets, and distractors).
Non-word stimuli used in the lexical task
A list of 52 non-words was obtained from the ARC Non-
word Database (http://www.maccs.mq.edu.au/~nwdb/nwdb.
html). These followed the same letter-length criteria as the
word stimuli and were converted into verbs as described
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above. Thirteen non-words were allocated to each of the four
conditions, and matched with the corresponding UK English
verbs for letter-length and number of syllables. Each non-word
was novel with no repetitions across the four categories (see
Appendix C).
Picture stimuli used in the verb-picture matching task (VPM)
Two pictorial representations of each of the 52 English verbs
used for the word stimuli were created. A search on Google
Images identified photographic representations of each verb. An
additional four independent assessors rated how closely each
image represented its associated verb. An image was allocated
as the target pictorial representation of each verb if a majority
agreement of 1st choice was reached by at least three of the four
assessors. The 52 images rated as 2nd choice were retained as
distractor images. Each of the 52 target images were randomly
paired with a distractor image from the same condition (i.e., the
four conditions outlined in Table 1).
Procedure
All participants provided written informed consent and were
tested either in hospital/rehabilitation unit, or at their own homes
or university premises if they were healthy controls. Testing was
completed over two or three sessions depending on how many
tasks the participant could complete at each visit. All tasks were
administered in a fixed order as below. The computerized tasks
were presented to the participants using a Toshiba laptop with
a 12 inch screen, and programmed using Eprime2. Participants
were asked to identify the target by either stating this verbally or
pointing to their choice. The participants’ response was recorded
by the experimenter using either a left or right mouse click. A 4-
trial practice session was administered to ensure the participants
understood the task instructions. If necessary this was repeated
until the participant demonstrated they fully understood the task
requirements. There was no maximum time limit and each set of
stimuli was interspersed by a blank screen of no fixed duration to
enable the participants to have a rest at any time they needed.
Lexical decision task
The participants were presented with two words on screen; one
real word and one non-word. They were asked to identify which
was the real word. This task is illustrated in Figure 2. Control
participants were not assessed on this basic task.
Semantic similarity judgement task (SSJT)
The participants were advised that they would see one word in
red colored text (pivot) at the top of the screen. Underneath they
would see two words (target and distractor) in black text. They
were instructed to choose which one of the two words in black
text was most similar to the word in red. Instructions stating
“Which of the two words below is most similar to the word above”
were also presented on screen below the pivot. The pivot word
was presented centrally in the upper third of the screen. The
target and distractor words were presented centrally (vertically)
and equidistant (horizontally) from the center of the screen (see
Figure 2). The presentation of the target word on the left/right of
the screen was counterbalanced across all trials.
Verb-picture matching task (VPM)
The stimuli consisted of one pivot word (as described in the word
stimuli section) and the two pictorial representations (one target
and one distractor as described in the picture stimuli section).
The pivot word was presented centrally in the upper third of the
screen. The target and distractor images were presented centrally
(vertically) and equidistant (horizontally) from the center of the
screen. As above the participants were advised that they would
see one word in black colored text at the top of the screen.
Underneath they would see two images. They were instructed
to identify which one of the two images was most similar to the
word above. Instructions stating “Which picture best matches the
following word” were also presented on screen above the pivot.
Order of presentation of the target on the left and right of the
screen was counterbalanced.
Data Analysis
The data from 6 patients were included in the analyses. In
order to explore the variance in individuals’ performance in
greater depth, a multiple single-case approach was adopted.
The patients’ task performance on the experimental tasks was
compared to that of the healthy control group using modified
t-tests (Crawford and Garthwaite, 2002), a standard statistical
analysis which enables significance testing of individual scores
compared with a control group. This method has been shown to
be robust when comparing single-cases to a small control sample
even in instances where such a sample is not normally distributed
(Crawford et al., 2006). All patients completed the lexical, SSJT,
and VPM tasks and where possible patients were retested on the
critical SSJT task to confirm the pattern of results; whilst the
FIGURE 2 | Screen layouts (from left to right) for the lexical decision task, semantic similarity judgment task, and the verb-picture matching task.
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VPMwas useful for adding clarity to noisy data in cases of severe
stroke, the more cognitively demanding SSJT was believed to be
most reliant on the activation of semantic processes whenmaking
action/motion decisions. Retest took place 3 months after initial
testing on the task (on average across patients retest took place
14 weeks and 3 days after initial testing). It was not possible to
retest two of the 6 patients (patient MAS and SB) as they were
not reachable after discharge. The scores on SSJT in Table 3 are
those at first testing, and any changes at retest are accounted for
in text where available for individual patients.
RESULTS
Overall, the patients demonstrated dissociable deficits for action
or motion verbs depending on lesion location. Inspection of the
combined averaged percentage correct from initial and retest
of the SSJT task (see individual results for details of duration
between test/retest) for each condition identified patients with
more anterior lesions sparing posterior parietal and lateral
occipitotemporal cortex (TY, MAS, SB) making more errors
in the motionless action (+Action/−Motion) condition (t =
−3.631, p = 0.001) whilst the patients with lesions involving
posterior parietal or lateral occipitotemporal cortex (FR &
JC) made significantly more errors in the observable event
(−Action/+Motion) condition (t =−3.631, p= 0.001).
To explore a dissociation of semantic representations for
action and motion specific verbs, differences in performance
on the semantic tasks (SSJT & VPM) were compared between
individual patient scores and the normative data from the healthy
control participants (see Table 3). The performance of patients
classed as having anterior lesions are initially discussed followed
by those classed as having posterior lesions.
Analysis of the results from initial testing of the Semantic
Similarity Judgement Task (SSJT) confirmed that patients
with more anterior lesions sparing posterior parietal and
lateral occipitotemporal cortex (TY, MAS, SB) showed
significantly impaired performance in the motionless action
(+Action/−Motion) condition compared to control participants,
suggesting a deficit in action comprehension, while performing
normally on the observable event (−Action/+Motion)
condition. Individual patient performance is as follows:
Patient TY
Expect Impaired Processing of Action Verbs
Lesion and deficits
TY had a frontal infarct implicating BA 47, 11, and 38; presented
with aphasia and motor weakness on admission; at test he had no
symptoms of expressive or receptive aphasia and no symptoms of
visual neglect or apraxia.
SSJT
A robust deficit was observed for processing motionless action
(+Action/−Motion) items of the SSJT task at initial and retest
(11 weeks, 4 days later) when compared to the control group
(both t = −7.746, p < 0.001). TY was significantly impaired
in the mental states (−Action/−Motion) category compared to
control participants in both SSJT testing sessions (both t =
−4.150, p < 0.001). TY performed at ceiling on the observable
event (−Action/+Motion) condition at initial testing (t = 0.415,
p = 0.342). TY was also unimpaired in the +Action/+Motion
condition, performing better than controls on both test and
retest sessions in this condition (both t = 2.324, p = 0.018).
Of note, at retest TY’s performance was impaired in the
−Action/+Motion condition (t = −7.746, p < 0.001). This is
difficult to interpret, but is not considered indicative of a motion
processing impairment given his perfect performance in this
condition in the VPM and at initial SSJT test.
VPM
TY’s performance was at ceiling for the two critical conditions
(+Action/−Motion and −Action/+Motion) as well as on
+Action/+Motion (t = 0.00, p = ns) and comparable to
TABLE 3 | Patient percentage correct for the semantic tasks on the SSJT at initial testing, the VPM, and the Lexical Decision task.
Patient (lesion) SSJT Verb-picture matching Lexical
+A+M +A−M −A+M −A−M +A+M +A−M −A+M −A−M +A+M +A−M −A+M −A+M
CCa 92 100 92 100 100 100 100 100 100 92 100 100
TYb 100*,1 67** 100 67** 100 100 100 80 100 100 100 100
MASb 89 67** 100 100 100 100 100 80 89 100 100 100
SBb 78* 83* 100 100 78** 83** 100 60** 89 100 100 83
DHd 33** 67** 17** 83* 100 83** 83** 80 100 100 100 83
FRc 89 100 83* 67** 100 100 100 80 100 100 100 100
JCc 78* 100 50** 83* 100 75** 100 50** 89 100 100 100
Controls (SD) 88(5) 99(4) 97(7) 97(7) 100(0) 100(0) 100(0) 88(12) n.t. n.t. n.t. n.t.
Dark shaded areas in the table highlight the expected pattern of impairments, and light shaded areas highlight the expected dissociating intact performance.*p < 0.05; **p < 0.001;
1Patient performance better than control group.
aUnclassified lesion (patient scan too early to identify lesion).
bMore anterior lesions sparing posterior parietal and lateral occipitotemporal cortex.
cLesions involving posterior parietal and/or lateral occipitotemporal cortex.
dWidespread left hemisphere lesion including both posterior and more anterior regions of interest.
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controls on the mental state (−Action/−Motion) condition
(t =−0.645, p= ns).
Interpretation
Performance at ceiling during the VPM does not allow
interpretation, but based on SSJT performance it can be
concluded that TY’s performance on the initial and retest of
the SSJT suggest a robust deficit specific to motionless actions
(+Action/−Motion), in keeping with what was predicted on the
basis of this patients frontal lobe infarction, sparing posterior
parietal and lateral occipitotemporal cortex associated with
motion comprehension.
Patient MAS
Expect Impaired Processing of Action Verbs
Lesion and deficits
Lesion implicated periventricular white matter, left temporal
lobe, left internal capsule (BA 2, 3, 4, 8, 40); presented with
aphasia and motor weakness on admission; at test she had no
symptoms of neglect but demonstrated expressive aphasia and
mild apraxic symptoms.
SSJT
Compared to controls, MAS showed a distinct impairment
in the motionless action (+Action/−Motion) condition:
t = −7.746, p < 0.001; performance on remaining verb
conditions were comparable to controls (see Table 3). Patient
MAS’ performance was at ceiling on the observable event
(−Action/+Motion) condition: t = 0.415, p= 0.342, and mental
state (−Action/−Motion) condition: t = 0.415 p = 0.342,
and comparable to controls in the concrete, dynamic action
(+Action/+Motion) condition: t = 0.194, p= 0.425.
VPM
MAS’ performance was at ceiling for the two critical conditions
(+Action/−Motion and −Action/+Motion) as well as on the
concrete, dynamic action (+Action/+Motion, t = 0.00, p = ns)
and comparable to controls on the mental state condition
(−Action/−Motion t =−0.645, p= ns).
Interpretation
In conclusion, based on highly selective impairment in the
critical motionless action condition of the SSJT task this patient’s
performance, like the above patient, is in keeping with what
was predicted on the basis of this patient’s more anterior lesion.
Based on her post-stroke behavioral impairments and her lesion
data, it is possible that disconnection, potentially affecting the
semantic network, has occurred in this patient. Posterior parietal
and lateral occipitotemporal cortex associated with motion
comprehension are however spared.
Patient SB
Expect Impaired Processing of Action Verbs
Lesion and deficits
SB had a frontal bleed; aphasia was observed on admission,
with no symptoms of motor weakness; at test, SB showed
no symptoms of aphasia or apraxia but demonstrated left
allocentric neglect.
SSJT
SB performed poorly in the critical motionless action
(+Action/−Motion) condition (t = −3.873, p =
0.001). Performance in the concrete, dynamic action
(+Action/+Motion) condition was also lower than controls (t =
−1.936, p = 0.037). Performance was comparable to controls in
the observable event (−Action/+Motion) condition (t = 0.415,
p = 0.342). There was no difference between SB and the control
group’s performance in the mental state (−Action/−Motion)
condition (t = 0.415, p= 0.342).
VPM
Consistent with the SSJT, SB performed worse than controls
in the motionless action (+Action/−Motion) condition (t =
−16.460, p < 0.001) and the concrete, dynamic action
(+Action/+Motion) condition (t =−21.301-14.254, p < 0.001).
Unlike the SSJT, SB was significantly impaired in the mental
state (−Action/−Motion) condition (t = −2.259, p = 0.002).
Performance was comparable to controls in the observable event
(−Action/+Motion) condition (t = 0.00, p= ns).
Interpretation
Although SB was impaired on a number of verb conditions,
the dissociation between impaired motionless action
(+Action/−Motion) comprehension and intact comprehension
of observable events (−Action/+Motion) was clearly evident
based on the combined SSJT and VPM performance in
this patient. This was predicted based on the frontal bleed
sparing posterior parietal and lateral occipitotemporal
cortex.
Patient DH
Expect Impairment in Processing Either/Both
Action/Motion Verbs
Lesion and deficits
DH suffered a significant stroke leaving him quite impaired;
aphasia and right motor weakness were noted on admission and
at test DH had severe expressive aphasia, but no visual neglect
or apraxia. His clinical scan was performed very early on; too
early to reliably localize the lesion. Based on the radiologist’s
report describing a lesion in the left fronto-temporo-parietal
infarct and insula and his disfluent speech indicative of a frontal
lesion, DH was classed as both anterior and posterior. It was
therefore predicted that this patient would not present a neat
dissociation in verb processing performance. This wide-spread
damage also seems to be reflected in his non-specific behavior on
the experimental tasks.
SSJT
DH performed poorly across this task on initial test and
retest, which may be attributable to the severity of his
stroke. At both initial and retest, DH was significantly
less accurate across all conditions compared to the control
group (all p ≤ 0.037). Initial testing did not reveal a clear
pattern of behavior (see Table 3); DH showed the most
notable deficit in the observable event (−Action/+Motion)
condition (t = −11.066, p < 0.001) followed by the
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concrete, dynamic action (+Action/+Motion) condition
(t = −10.651, p < 0.001). At retest and still significantly
impaired compared to the controls, DH’s performance
improved in both the observable event (−Action/+Motion)
and concrete, dynamic action (+Action/+Motion), but fared
considerably worse in the motionless action (+Action/−Motion)
condition.
VPM
Unlike the SSJT, DH’s behavior on the less demanding VPM
task showed more specific deficits. Compared to controls, DH’s
performance was significantly poorer in the motionless action
(+Action/−Motion) condition (t = −16.460, p < 0.001) as well
as on and the observable event (−Action/+Motion) condition
(t =−16.460, p=< 0.001). In contrast performance was normal
on concrete dynamic action (+Action/+Motion; t = 0.00, p ns)
and in the mental state (−Action/−Motion; t = −0.645, p =
0.265) condition.
Interpretation
Although the pattern of results with this patient is somewhat
clouded by a general level of impairment (i.e., performing poorly
across many conditions on the more demanding SSJT task)
it is interesting that this patient on the VMP was impaired
only on the two critical experimental conditions, observable
events associated with posterior damage and motionless actions
associated with more anterior damage, while managing normal
performance on the other two conditions of the VPM task,
concrete dynamic action and mental states. In conclusion, this
patient showed the non-selective pattern of behavior predicted
by his lesion involving both areas of interest.
Patient FR
Expect Impairment in Processing Motion Verbs
Lesion and deficits
Lesion implicated the left internal capsule and left parieto-
occipital region (BA 40, 41 4, 21, 39, 42); aphasia on admission
without right motor weakness; at test FR had no symptoms of
aphasia, neglect, or apraxia.
SSJT
FR showed poor performance in the critical observable event
(−Action/+Motion) condition at initial test (t = −1.936, p =
0.037) and retest (t = −4.150, p < 0.001) 21 weeks 6 days later,
suggesting a robust motion deficit (see Table 3). Performance on
the mental state (−Action/−Motion) condition at initial testing
(t = −4.150, p < 0.001) and retest (t = −1.936, p = 0.037)
was significantly poorer than controls. Normal performance was
however observed in the motionless action (+Action/−Motion;
t = 0.242, p = 0.406) and the concrete, dynamic action
(+Action/+Motion; t = 0.194, p = 0.425) conditions compared
with controls.
VPM
FR’s performance was comparable to controls across conditions
(all p ≥ 0.265), performing largely at ceiling. This may be
indicative of his mild stroke.
Interpretation
A distinct –Action/+Motion deficit with maintained
+Action/−Motion and +Action/+Motion performance in
the SSJT suggests that FR presented with an isolated deficit in the
comprehension of motion verbs in line with a lesion involving
posterior parietal cortex.
Patient JC
Expect Impairment in Processing Motion Verbs
Lesion and deficits
Parieto-occipital infarct implicating BA 39, 6, 7, 19, 40; aphasia,
right motor weakness and right superior quadrantanopia on
admission; at test showed mild expressive aphasia but no
symptoms of apraxia.
SSJT
JC demonstrated a reliable motion deficit for observable event
(−Action/+Motion) at initial test (t = −6.501, p < 0.001) and
retest (t = −4.150, p < 0.001) 11 weeks 4 days later. Impaired
performance was also observed at initial test and retest in the
concrete dynamic action (+Action/+Motion): both t = −1.936,
p = 0.037, and mental state (−Action/−Motion) condition:
both t = −1.936, p = 0.037. JC’s performance was equivalent
to the control participants at both the initial test and retest
in the motionless action (+Action/−Motion) condition (both
t = 0.242, p= 0.406).
VPM
Unlike SSJT, JC performed significantly worse in both
the motionless action (+Action/−Motion; t = −24.206,
p < 0.001) and mental state (−Action/−Motion; t = −3.066,
p = 0.004) conditions compared with the control group.
Performance was comparable to controls for the dynamic action
(+Action/+Motion) and observable event (−Action/+Motion)
conditions (both t = 0.00, p= ns).
Interpretation
Although the contrast between this patient’s performance on
the SSJT and VPM tasks introduces an element of uncertainty,
it is worth noting that performance on the VPM task was
not reflected in other tasks. On the basis of the SSJT task
performance at both initial test and retest this patient presented
with a dissociation between impaired comprehension of motion
associated observable events and intact comprehension of
motionless actions, in line with this patient’s lesion involving both
posterior parietal cortex and lateral occipitotemporal cortex.
Lexical Decision Task
As predicted, the pattern of dissociations was evident on the
semantic task, but not the lexical processing task. Patients
performed worse than the healthy control participants in the
semantic tasks and these deficits were selective across the
action present/motion present conditions. Conversely, patients
performed accurately in the lexical decision tasks and showed
hit rates substantially higher compared to hit rates in the
semantic tasks, with patients performing at ceiling or making
very few errors (see Table 3).
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To summarize the pattern of dissociations, patients with
more anterior lesions sparing posterior parietal cortex and lateral
occipitotemporal cortex (TY, MAS, and SB) were consistently
poorer on tasks involving verbs describing motionless actions
(+Action/−Motion). On the other hand, patients with lesions
involving posterior parietal cortex and lateral occipitotemporal
cortex (FR, JC) were consistently poorer on tasks involving verbs
describing observable events (−Action/+Motion), while patient
DH with a large lesion involving both areas of interest did not
show dissociate behavior.
DISCUSSION
In conditions where verbs contained action and/or motion
content, patients with lesions involving posterior parietal and
lateral occiptotemporal cortex show a selective deficit on
semantic decisions regarding verbs that afford motion. Patients
with lesions sparing these posterior regions associated with
motion processing showed the opposite pattern of selective
deficits in action verb processing but intact motion verb
processing. The dissociation between action and motion routes
to verb understanding is important. In past studies verbs
depicting actions have been considered primarily in relation
to motor/premotor activations—but actions depict motions as
well as actions. For that reason, the variable results found
in past studies may partly be a function of two routes to
understanding verbs—action and motion. In the patients we
have found dissociations between verbs affording motion-
only and verbs affording action-only in cognitively demanding
semantic tasks. The opposite pattern of results was seen in
patients where posterior regions associated with motion were
spared: these patients performed poorly on verbs affording
actions but not motion while they performed well on verbs
affording action but not motion. Whilst in this small sample
we cannot perform detailed lesion analyses, the fact that this
selectivity is associated with specific anterior/posterior lesion
patterns has implications for most assumptions about action verb
understanding, indicating multiple routes to comprehension.
This would be consistent with recent work on understanding
goals and intentions through actions, with evidence that
motor/premotor system activation might be one of several routes
to action understanding (Eshuis et al., 2009; Gredebäck and
Melinder, 2010).
Most broadly, these results contribute to our understanding
of language processing as an integrated phenomenon that
involves the contribution of knowledge representation from a
wide variety of sensorimotor modalities (Barsalou, 1999; Taylor
and Zwaan, 2008), converging with the perspective (Binder
and Desai, 2011; Yee et al., 2013) that semantic knowledge is
distributed across brain areas corresponding to the sensory-
functional and sensorimotor characteristics of the referent. In
this respect, our findings converge with findings from a variety
of methodological approaches demonstrating overlapping neural
substrates between language and the motor cortex, including
transcranial magnetic stimulation (TMS; Buccino et al., 2005;
Pulvermüller et al., 2005), magnetoencephalography (MEG; see
Hauk et al., 2008 for review), fMRI (Kemmerer et al., 2012), and
behavioral studies (see Glenberg et al., 2013 for a review). Our
results most closely relate to those of TMS paradigms, as the
temporary “artificial lesions” created in healthy participants in a
TMS study are reflected in the natural lesions of our sample of
participants, allowing us to draw inferences about the substantive
contribution these brain areas make to semantic decisions.
All patients in the current study performed at ceiling level
on the lexical decision task, which required identification of a
real word against a pronounceable and equivalent non-word
distractor (e.g., “praying” vs. “pibbling”). This suggests that a
lexical decision does not rely on the recruitment of alternative
neural networks. The predicted pattern of dissociations was
evident however in the more cognitively demanding semantic
tasks. The word-based SSJT task, in which required participants
to decide whether “praying” was more similar to “wishing” or
“judging,” was distinctly affected by the different brain lesions
that were revealed by the patients studied here. To a large extent
results from the picture-based VPM, which required participants
to identify a picture for example of a person praying, mirrored
those observed in the SSJT for verbs containing an action and/or
motion content. Whilst easier than the word-based SSJT but
also reliant on semantic processing, the VPM added clarity
to poor performance on the SSJT. In particular, patient DH
who had suffered a severe stroke, was consistently poor across
conditions of the SSJT but only showed poor performance on the
critical conditions of the VPM with normal performance on the
neutral conditions. Together, performance across the three tasks
emphasizes that recruitment of dissociable neural processes is
dependent upon task requirement and cognitive demand, which
may explain discrepancies found in previous data (Lindemann
et al., 2006; Kemmerer et al., 2008; Postle et al., 2008; Sato et al.,
2008).
It is worth noting that while the patients show statistically
reliable, specific, and robust deficits in the predicted semantic
categories, these selective impairments were remarkably
subtle and not a reflection of typical aphasia, with receptive
performance on the diagnostic screening for aphasia (MAST)
near ceiling level (scoring 48 out of 50 or above) for most of our
patients. Similarly, all patients performed near ceiling on the
lexical decision task, with aggregate accuracy over 95%. These
results promote awareness that language deficits resulting from
stroke may be subtler than previously imagined, or assumed by
current diagnostic material.
At the same time it should be noted that language is
usually studied in cognitive psychology laboratories removed
from language in the real world. Seeing the word “STOP”
on a red sign at a busy traffic intersection is quite different
from seeing the word STOP in black text on a white
background in an experimental psychology laboratory and as
such laboratory based work may lack the ecological validity
required to fully understand the cognitive mechanisms that
mediate natural language (e.g., Zwaan, 2009). Thus differing
aspects of context, motivation, and task may result in drastically
different psychological and neurophysiological responses. The
choice of language task has serious implications for the
identification of language problems. Cognitively demanding
semantic tasks are more useful for identifying more distributed
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neural networks associated with language processing as lexical
decisions may not require the recruitment of dissociable brain
regions. Further, one of the hallmarks of language is its contextual
versatility—from identification of words to conversations
requiring extensive inferences and social comprehension. The
latter, more semantically rich, contexts are particularly important
to tap in neuropsychological testing, as exactly these tasks
recruit more distributed neural networks. The current finding
that specific parts of the distributed network give rise to
selective impairments resonates with an emerging proposal
in the cognitive sciences holding that the brain areas and
networks associated with an event are a function of context,
task, and strategies, not simply constrained within the domain
of a particular stimulus (Tomasino and Rumiati, 2013; Bracci
et al., 2016). Indeed it emerges that recruitment of several
neural networks may be critical to derive meaning from
language.
As predicted semantic representations for concrete, dynamic
action verbs may be associated with lesions either related to
action or motion processing. Indeed, we did not find the selective
association with lesion location that we found for motionless
events in posterior patients and observable events not associated
with bodily action in patients with more anterior lesions. Perhaps
more interesting, we did see impairments on processing verbs
representing mental states in a number of patients who were not
impaired on some of the other verb categories but as predicted
without an associated lesion pattern. Although this leaves
open the possibility that semantic content regarding motionless
and “actionless” mental states is behaviorally and neurally
independent from other verbs, this falls outside the remit of the
investigation focussed on the independence of action andmotion
representation and its relationship to posterior parietal and
lateral occipitotemporal cortex. Nevertheless, representations for
verbs describing mental events in particular are left unresolved,
as in previous work by Peelen et al. (2012) for example, where
mental state verbs like “she believes” were mixed in with state
verbs such as “she is liked,” “he lies down” or “she equates.” To
what extent do verbs referring to mental states rely on visual
and motor systems? Existing theories and results on this are
particularly conflicted (Gallese and Lakoff, 2005; Rüschemeyer
et al., 2007; Postle et al., 2008; Vigliocco et al., 2009; Dove, 2009).
With regard to current results, it is worth highlighting that data
coming from patients with such mixed lesion patterns do not
generate results that are entirely clear cut, as is often the case with
neuropsychological research.
A further inherent weakness of the current study—and
potentially an area for improvement in future—concerns the
selection criteria for items. First, the observable events category
contains a small number of lexical items, placing an artificial
constraint on the number of verbs possible in the present
study. Second, natural confounds exist between verb classes;
for example, observable events should inherently have higher
imageability and concreteness ratings than mental events. This
may also account for poor performance in verbs representing
mental states in some patients. During the SSJT, four of the
6 patients performed significantly worse than controls when
processing mental state verbs, which was consistent for two of
these patients (SB & JC) in the Verb-Picture Matching task.
Control participants also showed a drop in performance in the
mental state condition of the VPM compared to other conditions.
It is likely that the abstractness of these −Action/−Motion
verbs, particularly in pictorial form, is generally more difficult
to process, resulting in reduced performance in the mental state
condition. Nevertheless, we reiterate that performance during
mental state decisions cannot be used to evaluate dissociations
when processing verbs involving action or motion and therefore
do not discredit our other findings in the remaining stimuli.
Third, only four raters assessed our categorization—and even
they failed to reach a universal consensus on the full list of
items. In the present study, then, we faced an inherent trade-
off between statistical power and experimental validity. In future,
perhaps more robust selection criteria—for example, including
imageability and concreteness ratings for fewer stimuli that
enjoy more universal agreement on category - might shift the
balance toward improved methodological rigor at the expense of
statistical power.
Establishing whether similar effects can be found in healthy
participants with artificially-induced “lesions” is critical to
demonstrating that these brain regions are in fact essential
to action understanding in healthy populations (Taylor and
Zwaan, 2009). However the current study is limited by a
small sample size preventing the identification of specific
non-dedicated cortical regions being determined. Further
study would require a larger sample to enable voxel based
lesion analyses to pinpoint the critical role of specific brain
regions when processing action/motion verbs. The current
results must therefore be considered within the larger context
of behavioral and neuroscience research (e.g., Lingnau and
Downing, 2015). Most immediately the current experimental
design and hypotheses lend themselves to replication, both in
other patients and in healthy participants who take part in
transcranial magnetic stimulation (TMS) protocols in the way
we delineated motion and action dimensions completely. Such
results would bolster the claims here, showing that they are
neither patient centered artifacts nor a bias of stroke victimsmore
broadly. Note, however, that over time patients may well develop
alternative routes to understanding—a point that TMS cannot
speak to.
Recent advances in imaging analyses using connectivity
analysis will afford investigation of the interplay between action
and motion processing regions. Such interplay may allow us to
explain when+Action/+Motion verbs are preserved or impaired
in patients with specific lesions and furthermore reveal potential
differential representation of the interesting Mental States verb
category.
Neuroimaging work with healthy participants has identified
brain activity mapping onto discrete cortical areas for action,
motion, contact, and state change (Kemmerer et al., 2008).
Previous neuropsychology research has demonstrated a
dissociation between action verbs, which tend to be impaired
by anterior lesions, and concrete nouns which are impaired by
posterior lesions (Neininger and Pulvermüller, 2003). One of
the key contributions of the present work is to elucidate the
causality behind these effects and to demonstrate a dissociation
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within a lexical category. Future work may consider the
causality of such activity and build an account of “abstract”
concepts, even if this begins with an account of verbs that are
not both concrete and have an immediate sensory or bodily
referent.
AUTHOR CONTRIBUTIONS
All authors were involved in the conception if this study. LT,
CE, JG, and MI designed the study. CE and JG collected and
analyzed the data. LT, CE, JG, and MI collaboratively drafted
the manuscript and all authors approved the final version for
submission.
ACKNOWLEDGMENTS
This study was funded by Northumbria University. We would
like to thank the individuals who took part in the study, the
local NHS hospitals and rehabilitation centers in the North East
of England where many were recruited, and in particular the
responsible clinicians Dr. David Bruce, Dr. Tim Cassidy, Dr. Akif
Gani, and Dr. Chris Price and their teams.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fnhum.
2017.00035/full#supplementary-material
REFERENCES
Andrews, M., Vigliocco, G., and Vinson, D. P. (2009). Integrating experiential
and distributional data to learn semantic representations. Psychol. Rev. 116,
463–498. doi: 10.1037/a0016261
Arévalo, A. L., Baldo, J. V., andDronkers, N. F. (2012).What do brain lesions tell us
about theories of embodied semantics and the human mirror neuron system?
Cortex 48, 242–254. doi: 10.1016/j.cortex.2010.06.001
Arevalo, A., Perani, D., Cappa, S. F., Butler, A., Bates, E., and Dronkers, N. (2007).
Action and object processing in aphasia: from nouns and verbs to the effect of
manipulability. Brain Lang. 100, 79–94. doi: 10.1016/j.bandl.2006.06.012
Bak, T. H., Yancopoulo, D., Nestor, P. J., Xuereb, J. H., Spillantini, M. G.,
Pulvermüller, F., et al. (2006). Clinical, imaging and pathological correlates
of a hereditary deficit in verb and action processing. Brain 129, 321–332.
doi: 10.1093/brain/awh701
Barsalou, L. W. (1999). Perceptual symbol systems. Behav. Brain Sci. 22, 577–609.
doi: 10.1017/s0140525x99002149
Bedny, M., Caramazza, A., Grossman, E., Pascual-Leone, A., and Saze, R. (2008).
Concepts are more than percepts: the case of action verbs. J. Neurosci. 28,
11347–11353. doi: 10.1523/JNEUROSCI.3039-08.2008
Beilock, S. L., Lyons, I. M., Mattarella-Micke, A., Nusbaum, H. C., and Small, S.
L. (2008). Sports experience changes the neural processing of action language.
Proc. Natl. Acad. Sci. U.S.A. 105, 13269–13273. doi: 10.1073/pnas.0803424105
Bickerton, W.-L., Samson, D., and Humphreys, G. W. (2011). Separating forms of
neglect using the apples test: validation and functional prediction in chronic
and acute stroke. Neuropsychology 25, 567–580. doi: 10.1037/a0023501
Binder, J. R., and Desai, R. H. (2011). The neurobiology of semantic memory.
Trends Cogn. Sci. 15, 527–536. doi: 10.1016/j.tics.2011.10.001
Bird, H., Franklin, S., and Howard, D. (2001). Age of acquisition and imageability
ratings for a large set of words, including verbs and function words. Behav. Res.
Methods Instrum. Comput. 33, 73–79. doi: 10.3758/BF03195349
Bracci, S., Ietswaart, M., Peelen, M. V., and Cavina-Pratesi, C. (2010). Dissociable
neural responses to hands and non-hand body parts in human left extrastriate
visual cortex. J. Neurophysiol. 103, 3389–3397. doi: 10.1152/jn.00215.2010
Bracci, S., Cavina-Pratesi, C., Connoly, J. D., and Ietswaart, M. (2016).
Representational content of occipitotemporal and parietal tool areas.
Neuropsychologia 84, 81–88. doi: 10.1016/j.neuropsychologia.2015.09.001
Bracci, S., Cavina-Pratesi, C., Ietswaart, M., Caramazza, A., and Peelen,
M. V. (2012). Closely overlapping responses to tools and hands in
left lateral occipitotemporal cortex. J. Neurophysiol. 107, 1443–1456.
doi: 10.1152/jn.00619.2011
Buccino, G., Riggio, L., Melli, G., Binkofski, F., Gallese, V., and Rizzolatti, G.
(2005). Listening to action-related sentencesmodulates the activity of themotor
system: a combined TMS and behavioral study. Cogn. Brain Res. 24, 355–363.
doi: 10.1016/j.cogbrainres.2005.02.020
Calvo-Merino, B., Glaser, D. E., Grezes, J., Passingham, P. E., and Haggard, P.
(2005). Action observation and acquired motor skills: an fMRI study with
expert dancers. Cereb. Cortex 15, 1243–1249. doi: 10.1093/cercor/bhi007
Coventry, K. R., Christophel, T., Fehr, T., Valdés-Conroy, B., and Herrmann,
M. (2013). Multiple routes to mental animation: language and functional
relations drive motion processing for static images. Psychol. Sci. 24, 1379–1388.
doi: 10.1177/0956797612469209
Craik, F. I. M., and Tulving, E. (1975). Depth of processing and the
retention of words in episodic memory. J. Exp. Psychol. Gen. 104, 268–294.
doi: 10.1037/0096-3445.104.3.268
Crawford, J. R., and Garthwaite, P. H. (2002). Investigation of the single
case in neuropsychology: confidence limits on the abnormality of
test scores and test score differences. Neuropsychologia 40, 1196–1208.
doi: 10.1016/S0028-3932(01)00224-X
Crawford, J. R., Garthwaite, P. H., Azzalini, A., Howell, D. C., and
Laws, K. R. (2006). Testing for a deficit in single-case studies:
effects of departures from normality. Neuropsychologia 44, 666–677.
doi: 10.1016/j.neuropsychologia.2005.06.001
David, A. S., and Senior, C. (2000). Implicit motion and the brain. Trends Cogn.
Sci. 4, 293–295. doi: 10.1016/S1364-6613(00)01511-4
Decety, J. (1996). The neurophysiological basis of motor imagery. Behav. Brain Res.
77, 45–52. doi: 10.1016/0166-4328(95)00225-1
De Renzi, E., and Faglioni, P. (1978). Normative data and screening power of a
shortened version of the Token Test Cortex 14, 41–49.
De Renzi, E., and Lucchelli, F. (1988). Ideational apraxia. Brain 111, 1173–1185.
doi: 10.1093/brain/111.5.1173
Dove, G. (2009). Beyond perceptual symbols: a call for representational pluralism.
Cognition 110, 412–431. doi: 10.1016/j.cognition.2008.11.016
Eshuis, R., Coventry, K. R., and Vulchanova, M. (2009). Predictive eye movements
are driven by goals, not by the mirror neuron system. Psychol. Sci. 20, 438–440.
doi: 10.1111/j.1467-9280.2009.02317.x
Fernandino, L., Conant, L. L., Binder, J. R., Blindauer, K., Hiner, B.,
Spangler, K., et al. (2013). Parkinson’s disease disrupts both automatic
and controlled processing of action verbs. Brain Lang. 127, 65–74.
doi: 10.1016/j.bandl.2012.07.008
Fischer, M. H., and Zwaan, R. A. (2008). Embodied language: a review of the role of
the motor system in language comprehension. Q. J. Exp. Psychol. 61, 825–850.
doi: 10.1080/17470210701623605
Gallese, V., and Lakoff, G. (2005). The brain’s concepts: the role of the sensory-
motor system in conceptual knowledge. Cogn. Neurosychol. 22, 455–479.
doi: 10.1080/02643290442000310
Gennari, S. P. (2012). Representing motion in language comprehension: lessons
from neuroimaging. Lang. Linguist. Compass 6, 67–84. doi: 10.1002/lnc3.317
Glenberg, A. M., and Kaschak, M. P. (2002). Grounding language in action.
Psychon. Bull. Rev. 9, 558–565. doi: 10.3758/BF03196313
Glenberg, A. M., Witt, J. K., and Metcalfe, J. (2013). From the revolution to
embodiment 25 years of cognitive psychology. Perspect. Psychol. Sci. 8, 573–585.
doi: 10.1177/1745691613498098
Goldenberg, G. (1996). Defective imitation of gestures in patients with damage
in the left or right hemispheres. J. Neurol. Neurosurg. Psychiatry 61, 176–180.
doi: 10.1136/jnnp.61.2.176
Frontiers in Human Neuroscience | www.frontiersin.org 13 February 2017 | Volume 11 | Article 35
Taylor et al. Semantics in Stroke Patients
Goldenberg, G., Hermsdörfer, J., Glindemann, R., Rorden, C., and Karnath, H.-
O. (2007). Pantomime of tool use depends on integrity of left inferior frontal
cortex. Cereb. Cortex 17, 2769–2776. doi: 10.1093/cercor/bhm004
Gredebäck, G., and Melinder, A. (2010). Infants’ understanding of everyday
social interactions: a dual process account. Cognition 114, 197–206.
doi: 10.1016/j.cognition.2009.09.004
Grill-Spector, K., and Malach, R. (2004). The human visual cortex. Annu. Rev.
Neurosci. 27, 649–677. doi: 10.1146/annurev.neuro.27.070203.144220
Hauk, O., Shtyrov, Y., and Pulvermüller, F. (2008). The time course
of action and action-word comprehension in the human brain
as revealed by neurophysiology. J. Physiol. Paris 102, 50–58.
doi: 10.1016/j.jphysparis.2008.03.013
Kalenine, S., Buxbaum, L. J., and Coslett, H. B. (2010). Critical brain regions for
action recognition: lesion symptom mapping in left hemisphere stroke. Brain
133, 3269–3280. doi: 10.1093/brain/awq210
Kemmerer, D., Castillo, J. G., Talavage, T., Patterson, S., and Wiley, C. (2008).
Neuroanatomical distribution of five semantic components of verbs: evidence
from fMRI. Brain Lang. 107, 16–43. doi: 10.1016/j.bandl.2007.09.003
Kemmerer, D., Rudrauf, D., Manzel, K., and Tranel, D. (2012). Behavioral patterns
and lesion sites associated with impaired processing of lexical and conceptual
knowledge of actions. Cortex 48, 826–848. doi: 10.1016/j.cortex.2010.11.001
Levin, B. (1993). English Verb Classes and Alternations: A Preliminary Investigation.
Chicago, IL: University of Chicago Press.
Lindemann, O., Stenneken, P., van Schie, H. T., and Bekkering, H. (2006).
Semantic activation in action planning. J. Exp. Psychol. Hum. Percept. Perform.
32, 633–643. doi: 10.1037/0096-1523.32.3.633
Lingnau, A., and Downing, P. E. (2015). The lateral occipitotemporal cortex in
action. Trends Cogn. Sci. 19, 268–277. doi: 10.1016/j.tics.2015.03.006
Mahon, B. Z., and Caramazza, A. (2008). A critical look at the embodied cognition
hypothesis and a new proposal for grounding conceptual content. J. Phsysiol.
Paris 102, 59–70. doi: 10.1016/j.jphysparis.2008.03.004
Maieron, M., Fabbro, F., and Skrap, M. (2013). Seeking a bridge between
language and motor cortices: a PPI study. Front. Hum. Neurosci. 7:249.
doi: 10.3389/fnhum.2013.00249
Nakase-Thompson, R. (2004). The Mississippi Aphasia Screening Test. The
Center for Outcome Measurement in Brain Injury. Available online at:
http://www.tbims.org/combi/mast
Neininger, B., and Pulvermüller, F. (2003). Word-category specific deficits
after lesions in the right hemisphere. Neuropsychologia 41, 53–70.
doi: 10.1016/S0028-3932(02)00126-4
Papeo, L., Negri, G. A. L., Zadini, A., and Rumiati, R. I. (2010). Action
performance and action-word understanding: evidence of double
dissociations in left-damaged patients. Cogn. Neuropsychol. 27, 428–461.
doi: 10.1080/02643294.2011.570326
Papesh, M. H. (2015). Just out of reach: on the reliability of the action-sentence
compatibility effect. J. Exp. Psychol. Gen. 144, e116-41. doi: 10.1037/xge0000125
Peelen, M. V., Romagno, D., and Caramazza, A. (2012). Independent
representations of verbs and actions in left lateral temporal cortex. J. Cogn.
Neurosci. 24, 2096–2107. doi: 10.1162/jocn_a_00257
Postle, N., McMahon, K. L., Ashton, R., Meredith, M., and de Zubicaray, G.
I. (2008). Action word meaning representations incytoarchitectonically
defined primary and premotor cortices. NeuroImage 43, 634–644.
doi: 10.1016/j.neuroimage.2008.08.006
Pulvermuller, F. (2005). Brain mechanisms linking language and action. Nat. Rev.
Neurosci. 6, 576–582. doi: 10.1038/nrn1706
Pulvermüller, F., Hauk, O., Nikulin, V. V., and Ilmoniemi, R. J. (2005). Functional
links between motor and language systems. Eur. J. Neurosci. 21, 793–797.
doi: 10.1111/j.1460-9568.2005.03900.x
Rorden, C., Bonilha, L., Fridriksson, J., Bender, B., and Karnath, H. O. (2012).
Age-specific CT and MRI templates for spatial normalization. NeuroImage 61,
957–965. doi: 10.1016/j.neuroimage.2012.03.020
Rorden, C., Karnath, H.-O., and Bonilha, L. (2007). Improving lesion-
mapping. J. Cogn. Neurosci. 19, 1081–1088. doi: 10.1162/jocn.2007.19.
7.1081
Rüschemeyer, S., Brass, M., and Friederici, A. D. (2007). Comprehending
prehending: neural correlates of processing verbs with motor stems. J. Cogn.
Neurosci. 19, 855–865. doi: 10.1162/jocn.2007.19.5.855
Rueschemeyer, S.-A., Glenberg, A. M., Kaschak, M. P., Mueller, K., and
Friederici, A. D. (2010). Top-down and bottom-up contributions to
understanding sentences describing objects in motion. Front. Psychol. 1:183.
doi: 10.3389/fpsyg.2010.00183
Sato, M., Mengarelli, M., Riggio, L., Gallese, V., and Buccino, G. (2008). Task
related modulation of the motor system during language processing. Brain
Lang. 105, 83–90. doi: 10.1016/j.bandl.2007.10.001
Senior, C., Ward, J., and David, A. S. (2002). Representational momentum and the
brain: an investigation into the functional necessity of V5/MT. Vis. Cogn. 9,
81–92. doi: 10.1080/13506280143000331
Snodgrass, J. G., and Vanderwart, M. (1980). A standardized set of 260
pictures: norms for name agreement, image agreement, familiarity,
and visual complexity. J. Exp. Psychol. Hum. Learn. Mem. 6, 174–215.
doi: 10.1037/0278-7393.6.2.174
Taylor, L. J., and Zwaan, R. A. (2008). Motor resonance and linguistic focus. Q. J.
Exp. Psychol. 61, 896–904. doi: 10.1080/17470210701625519
Taylor, L. J., and Zwaan, R. A. (2009). Action in cognition: the case of language.
Lang. Cogn. 1, 45–58. doi: 10.1515/LANGCOG.2009.003
Taylor, L. J., and Zwaan, R. A. (2013). “Fault-tolerant comprehension,” in Language
and Action in Cognitive Neuroscience, eds Y. Coello and A. Bartolo (Hove:
Psychology Press), 145–158.
Tomasino, B., and Rumiati, R. I. (2013). At the mercy of strategies: the role
of motor representations in language understanding. Front. Psychol. 4:27.
doi: 10.3389/fpsyg.2013.00027
Vigliocco, G., Meteyard, L., Andrews, M., and Kousta, S. (2009).
Towards a theory of semantic representation. Lang. Cogn. 1, 219–247.
doi: 10.1515/LANGCOG.2009.011
Watson, C. E., Cardillo, E. R., Ianni, G. R., and Chatterjee, A. (2013). Action
concepts in the brain: an activation-likelihood estimation meta-analysis. J.
Cogn. Neurosci. 25, 1191–1205. doi: 10.1162/jocn_a_00401
Willems, R. M., Hagoort, P., and Casasanto, D. (2010). Body-specific
representations of action verbs: neural evidence from right- and left-handers.
Psychol. Sci. 21, 67–74. doi: 10.1177/0956797609354072
Wilson, M. D. (1988). The MRC psycholinguistic database: machine readable
dictionary, version 2. Behav. Res. Methods Instrum. Comput. 20, 6–11.
doi: 10.3758/BF03202594
Yee, E., Chrysikou, E. G., and Thompson-Schill, S. L. (2013). “The cognitive
neuroscience of semantic memory,” in Oxford Handbook of Cognitive
Neuroscience, eds K. N. Ochsner, S. Kosslyn (Oxford: Oxford University Press),
1–12.
Zwaan, R. A. (2009). Mental simulation in language comprehension and
social cognition. Eur. J. Soc. Psychol. 39, 1142–1150. doi: 10.1002/
ejsp.661
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Taylor, Evans, Greer, Senior, Coventry and Ietswaart. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Human Neuroscience | www.frontiersin.org 14 February 2017 | Volume 11 | Article 35
